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Characterization of the soluble chemoreceptor Tlp1 in
Sinorhizobium alkalisoli YIC4027
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1 College of Resources and Environment, Shandong Agricultural University, Tai’an 271018, Shandong, China
2 Yantai Institute of Coastal Zone Research, Chinese Academy of Sciences, Yantai 264003, Shandong, China

Abstract: [Objective] To decipher the functional mechanism of Tlpl which is the only soluble
chemoreceptor containing PAS domain in Sinorhizobium alkalisoli YI1C4027. [Methods] We
constructed the gene-deleted mutant strain based on the Red homologous recombination system and
triparental conjugation. The growth rate, chemotaxis, aerotaxis, cell flocculation, biofilm formation,
exopolysaccharide (EPS) production, colonization, and competitive nodulation of the wild type and the
mutant strain were studied. [Results] Compared with the wild type, the mutant strain showed
unaffected growth, weakened chemotaxis, aerotaxis, colonization, and competitive nodulation, and
increased cell coagulation, biofilm formation, and EPS production. [Conclusion] This study confirmed
that the soluble chemoreceptor Tlp1 in YIC4027 affected the chemotactic movement of the cells for the

first time.
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Figure 1 Domains most commonly found in soluble

chemoreceptors[“].

F1 LI XAMEKFARAN
Table 1

Plasmids and bacterial strains used in this study

XM Pseudomonas aeruginosa )R] P 1
BdIA, A 2 1> PAS 455k, WU Fi4iz
R G0 10 A AL 8 TR S AE AR LR . Bacillus.
subtilis W) A1 EPEZ K HemAT &4 IR 2K 1
(protoglobin)Zk ¥4 3e% , F| Fl HemAT JE&H1 4 1k 25
A NI E SRR S o) LS

A S. alkalisoli YIC4027 HyFALZ AR5
NS A HGE . ATt B2 R Tipl 78 8.
alkalisoli Batb ZRFEHH IE I ATERE . I, A
SCEFE YIC4027 HrME——>{547 PAS Z5Hi)
AR B tlp] (GenBank &35 CP034909.1),
FIRSER bR T B i Tlpl 28748k, @ at 5%
A R AR R EA T LU R, WF9T Tlpl BEIRRR
XF YIC4027 #afl . BARETT . AMIBELS . AW
FRAGTE R . M ~h 2 Bl (exopolysaccharide, EPS)LL
NAERE F R 58 S TE P P 2598 1) 4R

1 #RE5H*E

1.1 ##
1.1.1  FE¥RFABRR

SEBG R AR AR S BURLAN R 1 R .
1.1.2 3%

SIS R HE an g 2 s

Strains and plasmids

Relevant characteristics

Source and reference

Strains
Sinorhizobium alkalisoli YIC4027 ~ Wild type strain, Nal" [22]
Atlpl YIC4027 derivative, Nal* This study
Escherichia coli DH5a General cloning strain Transgen
Plasmids
PEASY blunt simple The vector cloning PCR products, Kan® TaKaRa
pK18mobSacB Suicide vector for gene deletion; lacZ mob sacB Kan"  [23]
pRK2013 Helper plasmid,carries #ra genes, Kan" [24]

pK18mobSacB-Atlpl

pK18mobsach with 592 bp upstream fragment and

This study

542 bp downstream fragment of #pI cluster, Kan"

Kan': Kanamycin; Nal': Nalidixic acid.
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®2 AMRFAAE
Table 2 Primers used in this study

Primer names Direction (5'—3")

Restriction enzyme cutting site

tlp1-up-F CGGGATCCGATTGCATCCTCATCGACGACATC BamH 1
tlpl-up-R GAACAAGTCGCAGGCCATCATCGTCATGGCAAC
tlpl-down-F CCATGACGATGATGGCCTGCGACTTGTTCATCGC
tlpl-down-R CCCAAGCTTCCTTCCACACGTACAAAGATCGG Hind 11T
tlpl-out-F GACCAGGAGATCTTCGTCGAAATC

tlpl-out-R CAGACGAAGAACATGCTGGTGAG

1.1.3 BEHIEFEG
S. alkalisoli YIC4027 ffi [ TY™ 'L Kz L3

Rigedk, 30 CHiFR. KIBFFRMEA LBPOR 3
B, 37 CHiFR. LR P R A TARMREE .
A% K (kanamycin, Kan) 50 pg/mL, Z5IE AR
(nalidixic acid, Nal) 25 pg/mL,
114 EERAFS5NEF

PCR 4" 34 A S e A5 2 45 (Bio-Rad) |
R 6T NanoDrop 2000c ., R =i
B HL(D-37520 Osterode). At S ¥ ROk
H AU R P BORAT BRA 7] o kL3 3
2 Tl i S a5 G M B R AR AR AR (B 5O AR
vl T4 IR, FREEANDIEE H NEB 2
] o DNA FF iy 590 A Hh B SR E Y HOR
ARRAFSER . PiAEZF R B MG M EY R
AR
1.2 PAS i ERFFIEE xS

S. alkalisoli YIC4027 f¥4=FEH 417 451 € bk
HRP, FH A B E A NCBI (GenBank:
LYBW00000000.1, http://www.ncbi.nlm.nih.gov/
nuccore/LYBW00000000.1), YIC4027 F&[K2H H

& PAS Z5HIEE M BT AR A ] SMART 7E£k
B (http://smart.embl.de/) Fll MIST2 7E£ 58 2
(http://mistdb.com/genomes/GCF_001723275.1)
PAS S5HHIE FAES X MAFFT k4%
(http://mafft.cbrc.jp/alignment/server) FEZ 17,
1.3 tlpl BRRERTIRRIME

YIC4027 k& [N 25 1 45 Al ] R AR 2 (9 4

<l actamicro@im.ac.cn, & 010-64807516

DNA #2HGAF &, BT BT iS4
tlp1-up-F/R 1 tlpl-dow-F/R ] PCR ¥4, 53
592 bp FiiF A BELA K 542 bp i A B, A PCR
Y% tipl-up F tip1-down iX 2 N F B BRLA F
BriE 3] pEASY, THIERTE, MPIE. 5
& pK18mobSacB AR LK 45 5 158 1) B
PREEEUTORE , {8 B Thermo N Y] BamH UF1 Hind
gk 17 B U0 5 0 T4 3% 4 % B E
pK18mobsacB, MIMiZRAFE 4 TR, FH =364
B PR AR R 2R AR R, K 485 A B SR
pRK2013 [ E. coli . ¥ 4% pKl18mobsacB:
tlp I-up-down JFRL 1 E. coli U4 BY A= 7Y Y1C4027
Fie L] 2:3:10 TR G, 2T [7) 5 2 4 A2 4 7y it 24
PEAT 2 acHe, SEETOIR MRS 5 1 kg
il , BEAYLOARNTA Kan Hrik HG AR 2R
1 R RARI ;565 2 RS, H AR
FEWERUSEAE A TR AR IR . SRR tpl-out-F
Al tip1-out-R 5 ¥4 7 PCR B&AIF , [7] sk FH M A 784
YIC4027 VEMBHM: XS HR,  f5c 2045 5 1E 6 1 0] 2
Atlpl ZE75A
1.4 KA

T IKTE TY A b i AR B A B YIC4027 L K
RASKR Atlpl, SRIGPRIOE LI e ke F g 2
& Nal HiPEf) 5 mL TY B33k, 30 CHs
20 h, 7E 50 mL LA HMA 10 mL TY 5555
#1200 puL WK, (45 FHE AL ODsoo N 0.02
Ao 0-24 h, 4R 2 hill 1 AW ODgoo 1 5
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24-36 h, AFE 3 hilll 1 %; 36-48 h, £FE 6 h
Wk, M43 RER.
1.5 EMESLW

ki 2 % Rudrappa 251952, PREL
B AR R DL R RASKE Adlpl VSR Nal HUrERy
5mL TY Kig3erf, #5520 ho FJGHIME TY
SR 23 BRI B B R RS T CHE TY
4 R E B I R ODgoo 984 0.01. FHTE
B 200 pL AL E 100 L Ab FR Al R,
F4 cm-25 G S EF Sk 1 1 mL G348 5 100 pL
U —C R R, SRS st kg
AR AMSL, #E TR E IR T 30 min,
KRR TR S a8 A RE SR TE TY
AR b, BT 30 CRiFRMEE 2 d, FIRRET
B B HE TS B(CFUs), 4 3 IkEHE .,
1.6 FEEEESEN

FAERN S Xie 50k s AL U (1
FHREERT 5 mL TY HiREEPHEEE 20 h, 14
ODgpo=0.2, ZI% gLyl 10 pL S CE 7E
FEl /N BN, A SRR SR i o 4 7 A
800 mL/min, FFZSSMI], < 2 min, MR
JE RS, JFERIT, 38 1-3 min, &
G FT S ®1 ] A Cellsens Dimension 1.7 %X
A SRR R T AN SRS 2 SR AR 1 B[]
1.7 MREELESCIE

TE 50 mL 208 A 10 mL L3+1/2 N 5%
BRI, SR 43 HIE 200 pL BRI A,
803 4PAT, BHIRGESE, 55 24 h il
48 h 5 A TANMIEE LS AR SIE . (1) BESS
WS . PR A RS A X R 21 48 h TR,
B OB RS ELACEAR, SO, E TR,
PSS, (2) BEASHEDIE : HUH 24 hF1 48 h Y
B3y, #E 30 min, BCETHEFRIE ODeo
{8, iCfE ODs, FR|FLLFBESHE B3 LI RITHE
IRGHHEE, SAEIE ODe fH, 1CAF ODt, &4 3

WVAT o Fefeilad A s T %
B4 (% flocculation)=[(ODt—0Ds)x 100]/ODt.
1.8 4 YIpRsCiE

He IR S22 B Barnard 22097 150, (1)
RIS i TY Bi9R%E, M 1.5 mL &5
FERAR B P I A 150 uL, 30 CUEE#E
B8 3d, 803 AVAT. BTG IA 0.1%45 %
VAW, B E Y 30 min, B)o X AEY TR IR
WM, (2) APENE : KW 15 uL A ZR S
150 pL TY F5FRIETCIE PVCI6 fLik, 15 ¥
AT BB E T 30 CREFFREF 2d, 0.1%
gk g Y (n,, FE 30 min. IR IEIG S A 30%
LR RNATE, S 2R WV R, ISl o A S
ODs0 S0 W OGAE
1.9 EPS I%

3 SR VLT R (10 mmol/L) . FLIR &
(10 mmol/L) . FHZH2(10 mmol/L) AriiE, & KIH:
£1.(40 pg/mL)FIAN SRISRLT ) L3+N B SR,
W55 TR ODgoo VAZE 0.8, 45HL 20 pL 4 Ea B I
WA B R SR b B8 T 37 CREFRF S
7% 72 h, 3 WAEWFEL . SRR AR
FrEMMEL EPS AR, AENIERL T RER
FAVHT R B S AR E A T A 2204 R 2T
1.10 EFESLW

FH W A R 12 0325 30 FH 350 7 30 min, PG
FKIEA TSR, ARG IR BT 30 CRiFRAAH
Fi3% 2d, Hrpdg 12 h B 1 ROCEK . S
Qb BRLT 0 BRI T R ZE (R D 7, AR TR 5 g A
FEHE 11, 1.5, 1:10 HRfiliRif 2 ho BRI F
TR, R SUZ SRR T e A b, BEK
2ANFPT, BAMEEE 3 AR, Hi5E 8 d, KR
R VRN 5 IR R A TSR EP 4,
JIA 30 uL R K G RIL T TY Fh, B
— B iE], XA BRI R T PCR Bk, it
TR A 55 1 A TR 1 L A1)

http://journals.im.ac.cn/actamicrocn



780

HUANG Weiwei et al. | Acta Microbiologica Sinica, 2023, 63(2)

.11 EFMEESRE

SRS S MBS, JFET 25 CA
TARMBEERESE 30 d 24 . BUSVER 1R ik
HEEAL SR RIZE T TY Fale, 30 CHIER:
F%, XPAR B YE T PCR B0iE, /5116
SR A Y A TR LA

2 ZEREAM

2.1 PAS ZEHEHILE XY 55 4

PAS Z5 0 S A = BEORAFVE , HLRB S 2 Fh
Hah4G, H 5 FAD 45409 PAS P HA
W AR, i H A SEE AT FAD 62K
£ 5 (Trp, W)PRSFMEfc . BRFsE R, A
brasilense W R ETE#ALZ K AerC S FAD
G, AT S IR R AR, R AR ks
AT AR R AR OCHK . BRI FRATHE YIC4027
Y PAS [751 5 AerC 1Y PAS [F 554 T T LA,
KA Tipl (19 2 4> PAS 7415 AerC 1Y
PAS J7 91| ELA e i (AL | e OB i) 2 B R AL
RUREGASE. AT HEN X 2 4> PAS 25403
J& 5 FAD MIZ5A 1.
2.2 ZREITHk Addpl HIHDEE

LT G LA NIRRT . BETES 10%5E
BEEY TY AR ANBETE S Kan B9 TY A
KIw%, B nTieta @ sy Adpl 22758k
FAHSAEHIER dpl DR B BRS|
Yy tipl-out-F F tlpl-out-R HATHI75 PCR Kl
TE YIC4027 HEBAEY 3 1 3 850 bp 52 A B,
Horr BB R 1794 bp (& 2 3KiE 1-4);
FRARKRE T H AR A E S, BIIERE T 1794 bp
B R B B (B 2 JKIE 6), FrLATFRIGIE Atlpl
JE A I 2 AR R
2.3 Tipl SEHREKF N

FATFIA TY 85320 SRR A K B 1 1
ODgoo fH, M B AR A A= KRB T o WP AR TR
YIC4027 545Kk Atlp1 WA K AFBLUNTE 3 Fis .
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bp Marker 1 2 3 4 5 6 bp

2 RELHRHI PCR HIE

Figure 2 The mutant strain was verified by PCR.
Lane 1—4: Wild type genomic DNA; Lane 5: Blank
control; Lane 6: Mutant genomic DNA.

55 ¢
3.0}
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220}
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1.0 - —o—-Allp[

0.5+
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Cultural time (h)
3 FHASRTRVE KL

Figure 3 Growth curves of wild type and mutant.

GRS , RASRR Atlp] FIEFAE R YIC4027 )
A 2 A — 3, R Ib 32 AR BRI DR A i
Xof PR P A K TR AT S
2.4 Tipl JHEIE AR

DIHE 3 3 0 W e faie ), a0
25 K B Atlp ] BT 7% BL(CFUs) W 2 /b T B
AA YIC4027 (K 4), Ui Tipl HA W EET
J e
2.5 Tipl M#EFEENHIFZ N

SR 3 N, WA AU U s L B[]
TE 62.0-67.4 s Z ], &A8KK Arlpl BB ] 78
50.5-54.7 s Z[a); A, B4R AY SO I [E]
TE 55.8-59 s X0, RAEMRAUpI BN BT EFE
47.8-50.2 s Z[a], 2 FORRIAE A T, RS
PR Adlp1 )3 N B[] B S /N T B AR A YIC4027,
AL Tipl AL A R AR
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A WT

20t ok

WT Atlpl
4 THK Adpl SEFERIRFELEE

Figure 4 Mutant strain and wild type chemotaxis
analysis. A: Capillary assay. B: The analysis of
chemotaxis. **: P<0.01.

£ 3 Tipl £ YIC4027 FRY{ER
Table 3 Role of Tlp1 in aerotaxis in YIC4027

Strains

Response time in seconds to adaptation in a
temporal assay for aerotaxis, £SD

—air +air
WT 64.7+£2.7 57.4£1.6
Atlpl 52.6+2.1 49.0+1.2

2.6 TIpl XHHEELERE RIS

SR 5 N, B S AR R I BESY R LT
AFIRET 61.5%, % 48 h JG W& ABELs m 2
SEAK (HBEE B R] A E K, B Ry A 4 e g 3
firLh 48 h iEESS 2 T 24 h, ULHITESELSHY
R Tipl XA A W VER
2.7 Tipl SEFERZ AL AT

RAE RS VIR E PSS R AN 6A FR,
RASRAtp ] B AR A= ik W ik e T B AR T
M 96 FLAR A e 45 R (K 6B) KB, 5 HFAERUAH
b, RASMRAdpl WLEP R RN T 87.7%

w
w
O

OWT ®Alp]

w
(==}
T

N
(O]

*

—_
W
T

Flocculation (%)
S}
S

—_
wn o
T T

o

24 48
Cultural time (h)

5 Ik Arpl 5FEBURERENELR
Figure 5 Comparison of flocculation results of two
strains. A: Photographed after 24 hours of cultivation.
B: Analysis of quantitative results of flocculation. *:
P<0.05.

A

WT Atipl

os]

1.40 .
1.20
1.00

0.80 |

2

0.60 |

Absorbance (ODs,,)

0.40 |
0.20 |

0.00

WT Atlpl

6 R Adpl SEFHERIEYIRER AR A2

Figure 6 Comparison of biofilm formation. A:
Biofilm morphologies upon crystal violet staining of
the WT and Atpl. B: Biofilm quantitative
measurement results. *: P<0.05.
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2.8 TIpl %f EPS & B AYE N0

K 3 PN B R SR AT T R R R
R Z (B4 TR KIMZE S (B 7A), 7R3
BARE R AL b TR I Y R ol B S i HL D 2
AR, e SR B R A b TRV G R HL
BT, T MR E AR AN F
Z I, ERKI EPS Frmit—aE s, w
Kl 7B FiR o fEAZLRREN A BRI I BE SR 2 |, %
HkAtp] W) EPS & wr 2 NS AR 2 £ TEUA
TR SRR IR R b, ARk
Atlp] 1) EPS & w2y PRI 1A%, Bl ST
WA AL
29 TEHEXLEHER

W iEFE 8 d AR R MU, B RS IR, FIH
tipl 51 PCR %5E, XFHFAE T L K SR AF (AR )
SEFARE I AT, 25 RE 8 FR. AR

A
~0.18

§o.16 I . *
$,0.14 |
Eonl
£
&o0.10 x
B 0.08 |
o=l
20.06 |
Q
Z0.04 |
o
£0.02F
0.00

oWTwAsp]

Succinic acid Sodium lactate Proline

WT

of*

[
o

Atipl

El7 ZREHE Adpl SEFER EPS IS RINEL
Figure 7 Colony morphology and EPS
determination of the two strains. A: Observation of
colony morphology of two strains. B: The EPS
quantitative analysis results. *: P<0.05.
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100 ¢
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T T

(o))
(==}
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40 |

20
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1:1 1:5 1:10
WT: Atlpl

El 8 EFERESINE
Figure 8 The tests of colonizationt. *: P<0.05.

Atlpl FT 5 I EE B 52 43% . 50% . 58%. 45
T, HEARIML, RASKRAp] 18 FERE 198
55, Ui ddpl HEPR AR T BOE FEBE 198
210 Z=HMEEXWLE

B E RS R AR, RS TR
M, FIFHEEE tpl WERS 1% PCR %0E, XFHF
AT R R AR ) R B R ) EA TR, S SR an &
9 Fin. BPHERI AR RALpT ELBIR 1:1, 135,
1:10 B, Adpl W5 Hea3 a2 23% . 35%. 50%.
gEILRI L ZAREEN tpl BBRIS, S T
PRTE H AR Sa PR 25 e T -

100
CIWTEE Arlp!

e
S
T
*

60 r

40 1

20 [

Colonization occupation ratio (%)

0 1:1 1:5 1:10
WT: Arlpl

9 ZTFLEBEENHINE
Figure 9 Competitive nodulation tests. *: P<0.05.
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AL SZ AT 43Ry 15 A A 32 AR T v
sk 2 250 Z A — T2 T AN BTN Y
it SMART ¥l FEgiit, 8 384 kA,
14.5% M EF B Z B IEER I, TiF e TAiE s,
W2 B2 ORFR Ry ] s 2 AR TV 2 AR A 1
EACAE T 20 R ) A= S ol T
PERBY, 5 FRARMIE B A S e
FRUHPO%E . RV AT 2 AR LA TR R — AR TR
AFTETI HoaT LB JSF-A 7 DU W2 e o 2k F8 AH 5.
TEREY, HAERT P EZ 0 Tsr Al Tm1143c HO4H
ST R B 447 & PP, Upadhyay 4580% )
AT A S, KB PAS Z5H s 4 A7 e
TRV BTN o 3 1 52 AR M N 2% o T 44
MRS, R R 28 Rt e P
TEAPIAR PR T, nlvE v A2 AR e 22 1)
S5 AN TR BN S FHE S RYRE T, 5 A Y R ST
BE SIS EY . 5 YIC4027 ARMIMER 5 G S,
meliloti H1, McpY SR JGHEAFIREE B0
W2 ARG ALER M s ™ 7 R
leguminosarum ", H9 McpB S FITE S
PESEIR I RE TR, fE A. brasilense Sp7
Tlp1 M SO LR PR E FE Y RE 1 A

AWFFEY, 16 YIC4027 H, Tipl HEHAY
BRI AT M T R AR L AR I, e e
RSP 0 Fafb Be i, Ry A B[] A8
Ro IEAHh, Tipl [T EPS (75, #fksz
PRI 5 520G, WHEEZ ™, iz
SNREIES, MMEEEE EPS Ay i . 4if
AIEELERE I LR AEWIIERIE . Tlpl 32 14520
P R EELS, AV EPS By, X—3
ZULHITEE FR B Z (ORI T WAk H B RE S 1 =
WY, & T H IR, G N R E
0 B SEORAIE . L2 A i 2K I AT BB 20 TR T 1 45

PATE S R SR B, EPS By 7 7] By 1
BB I —FPME . B4R T RE M) EPS, EE
RE S AL FOLH, EREE IR AL, fkizshz
WA KT BPS BIVEAH, A SEEM
RETI TR, S5IRReHIREMK.

SE

[1] ZHENG YF, LIANG J, ZHAO DL, MENG C, XU ZC,
XIE ZH, ZHANG CS. The root nodule microbiome of
cultivated and wild halophytic legumes showed similar
diversity but distinct community structure in Yellow
River Delta saline soils[J]. Microorganisms, 2020, 8(2):
207.

[2] TIAN BY, ZHANG CJ, YE Y, WEN JM, WU YM,
WANG HZ, LI HM, CAI SX, CAI WT, CHENG ZQ,
LEI SN, MA RQ, LU CJ, CAO Y, XU XH, ZHANG
KQ. Beneficial traits of bacterial endophytes belonging
to the core communities of the tomato root
microbiome[J]. Agriculture,
Environment, 2017, 247: 149-156.

[3] PORTER SL, ARMITAGE JP. Chemotaxis in
Rhodobacter sphaeroides requires an atypical histidine

Ecosystems &

protein kinase[J]. Journal of Biological Chemistry,
2004, 279(52): 54573-54580.

[4] L1Y, LI XY, LIU YJ, WANG ET, REN CG, LIU W, XU
HL, WU HL, JIANG N, LI YZ, ZHANG XL, XIE ZH.
Genetic diversity and community structure of rhizobia
nodulating Sesbania cannabina in saline-alkaline
soils[J]. Systematic and Applied Microbiology, 2016,
39(3): 195-202.

[5] KENNEDY EN, BARR SA, LIU XL, VASS LR, LIU
YN, XIE ZH, BOURRET RB. Azorhizobium
caulinodans chemotaxis is controlled by an unusual
phosphorelay network[J].
2022, 204(2): e0052721.

[6] FERNANDEZ M, MOREL B, CORRAL-LUGO A,
KRELL T. Identification of a chemoreceptor that
specifically mediates chemotaxis toward metabolizable

Journal of Bacteriology,

purine derivatives[J]. Molecular Microbiology, 2016,

99(1): 34-42.
[7] ORTEGA A, ZHULIN IB, KRELL T. Sensory
repertoire of bacterial chemoreceptors[J].

Microbiology and Molecular Biology Reviews: MMBR,
2017, 81(4): €00033-e00017.

[8] LACAL J, GARCIA-FONTANA C,
MUNOZ-MARTINEZ F, RAMOS JL, KRELL T.

http://journals.im.ac.cn/actamicrocn



784

HUANG Weiwei et al. | Acta Microbiologica Sinica, 2023, 63(2)

[14]

Sensing of environmental signals: classification of
chemoreceptors according to the size of their ligand
binding regions[J]. Environmental Microbiology, 2010,
12(11): 2873-2884.

KANEKO T, MINAMISAWA K, ISAWA T,
NAKATSUKASA H, MITSUI H, KAWAHARADA Y,
NAKAMURA Y, WATANABE A, KAWASHIMA K,
ONO A, SHIMIZU Y, TAKAHASHI C, MINAMI C,
FUJISHIRO T, KOHARA M, KATOH M, NAKAZAKI

N, NAKAYAMA S, YAMADA M, TABATA S, SATO S.

Complete genomic structure of the cultivated rice
endophyte Azospirillum sp. B510[J]. DNA Research,
2010, 17(1): 37-50.

ALEXANDRE G, GREER-PHILLIPS S, ZHULIN IB.
Ecological role of energy taxis in microorganisms[J].
FEMS Microbiology Reviews, 2004, 28(1): 113-126.
Zm, X, A, AR 2R AR R Gk R
GUREIN 14 LU L TN 2 24 3 B B AR S 3 R 91 2 BT 0],
A 24, 2016(8): 1256-1265.Jiang N, Liu W, Li Y,
XIE ZH. Comparative genomic and protein sequence
analyses of the chemotaxis system of Azorhizobium
caulinodans[J]. Acta Microbiologica Sinica, 2016(8):
1256-1265.

BIBIKOV SI, BIRAN R, RUDD KE, PARKINSON JS.
A signal transducer for aerotaxis in Escherichia coli[J].
Journal of Bacteriology, 1997, 179(12): 4075-4079.
GREER-PHILLIPS SE, ALEXANDRE G, TAYLOR
BL, ZHULIN IB. Aer and Tsr guide Escherichia coli in
spatial ~ gradients of oxidizable substrates[J].
Microbiology: Reading, England, 2003, 149(Pt 9):
2661-2667.

DRAPER J, KARPLUS K, OTTEMANN KM.
Identification of a chemoreceptor zinc-binding domain
common to cytoplasmic bacterial chemoreceptors[J].
Journal of Bacteriology, 2011, 193(17): 4338-4345.
SCHWEINITZER T, MIZOTE T, ISHIKAWA N,
DUDNIK A, INATSU S, SCHREIBER S,
SUERBAUM S, AIZAWA SI, JOSENHANS C.
Functional characterization and mutagenesis of the
proposed behavioral sensor TlpD of Helicobacter
pyloril[]]. 2008, 190(9):
3244-3255.

COLLINS KD, ANDERMANN TM, DRAPER ],
SANDERS L, WILLIAMS SM, ARAGHI C,
OTTEMANN KM. The Helicobacter pylori CZB
cytoplasmic chemoreceptor TlpD forms an autonomous

Journal of Bacteriology,

polar chemotaxis signaling complex that mediates a
tactic response to oxidative stress[J]. Journal of

Bacteriology, 2016, 198(11): 1563-1575.

<l actamicro@im.ac.cn, & 010-64807516

[17]

[21]

[22]

HUANG JY, GOERS SWEENEY E, GUILLEMIN K,
AMIEVA MR. Multiple
Helicobacter pylori colonization of the stomach[J].
PLoS Pathogens, 2017, 13(1): e1006118.

REUTER M, VAN VLIET AHM. Signal balancing by
the CetABC and CetZ chemoreceptors controls energy
taxis in Campylobacter jejuni[J]. PLoS One, 2013, 8(1):
€54390.

BORZIAK K, ZHULIN IB. FIST: a sensory domain for
diverse signal transduction pathways in prokaryotes

acid sensors control

and ubiquitin signaling in eukaryotes[J].
Bioinformatics: Oxford, England, 2007, 23(19):
2518-2521.

XIE ZH, ULRICH LE, ZHULIN IB, ALEXANDRE G
PAS domain
dynamic changes in metabolism with chemotaxis[J].

containing chemoreceptor couples
Proceedings of the National Academy of Sciences of
the United States 2010, 107(5):
2235-2240.

HOU SB, LARSEN RW, BOUDKO D, RILEY CW,
KARATAN E, ZIMMER M, ORDAL GW, ALAM M.
Myoglobin-like aerotaxis transducers in archaea and
bacteria[J]. Nature, 2000, 403(6769): 540-544.

L1Y, YAN J, YU B, WANG ET, LI XY, YAN H, LIU W,

XIE ZH. Ensifer alkalisoli sp. nov. isolated from root

of America,

Sesbania  cannabina
soils[J].
Systematic and Evolutionary Microbiology,
66(12): 5294-5300.

MARX CJ, LIDSTROM ME. Broad-host-range cre-lox

for

nodules  of grown in

saline-alkaline Journal of

2016,

International

system antibiotic  marker recycling in
gram-negative bacteria[J]. BioTechniques, 2002, 33(5):
1062-1067.

FIGURSKI DH, HELINSKI DR. Replication of an
origin-containing derivative of plasmid RK2 dependent
on a plasmid function provided in trans[J]. Proceedings
of the National Academy of Sciences of the United
States of America, 1979, 76(4): 1648-1652.

DANG XX, XIE ZH, LIU W, SUN Y, LIU XL, ZHU
YQ, STAEHELIN C. The genome of Ensifer alkalisoli
YIC4027 provides insights for host specificity and
environmental adaptations[J]. BMC Genomics, 2019,
20(1): 643.

DELANNOY S, BEUTIN L, BURGOS Y, FACH P.
Specific detection of enteroaggregative hemorrhagic
Escherichia coli O104: H4 strains by use of the
CRISPR locus as a target for a diagnostic real-time
PCR[J]. Journal of Clinical Microbiology, 2012, 50(11):

3485-3492.



HOFURSE | AR Y44k, 2023, 63(2)

785

[27]

2225 Sinorhizobium sp. NGR234 )] 1 E1&E WAL
WFFE[D]. dbat: W RL R 1 2 118 3, 2013.
LI Y. The mechanism underlying Broad-host-range
Adaptation of Sinorhizobium sp. NGR234[D]. Beijing:
Doctoral Dissertation of China Agricultural University,
2013 (in Chinese).

AE PR . A% SR P R T T R TR B B R 8 A9 1 22 D).
e VLR REA LA 08 3, 2012.

TAN YZ. Construction of gene deletion systems in
Wuxi:
Thesis of Jiangnan University, 2012 (in Chinese).
RUDRAPPA T, SPLAINE RE, BIEDRZYCKI ML,
BAIS HP. Cyanogenic
multitrophic interactions in the rhizosphere[J]. PLoS
One, 2008, 3(4): €2073.

BARNARD AML, SIMPSON NIJL, LILLEY KS,
SALMOND GPC. Mutations in rpsL that confer
streptomycin resistance show pleiotropic effects on

Corynebacterium  glutamicum[D]. Master’s

pseudomonads influence

virulence and the production of a carbapenem
antibiotic in Erwinia carotovora[l]. Microbiology:
Reading, England, 2010, 156(Pt 4): 1030-1039.

LIU W, BAI X, LI Y, MIN J, KONG YC, HU XK.
CheY1

ORS571
colonization with the host plant[J]. Applied and
Environmental Microbiology, 2020, 86(15): €00599-¢00520.
ZUSMAN DR, SCOTT AE, YANG ZM, KIRBY JR.
Chemosensory pathways, motility and development in

and CheY2 of Azorhizobium caulinodans

regulate chemotaxis and competitive

Myxococcus xanthus[J]. Nature Reviews Microbiology,
2007, 5(11): 862-872.

POLLARD AM, BILWES AM, CRANE BR. The
structure of a soluble chemoreceptor suggests a
mechanism for propagating conformational signals[J].
Biochemistry, 2009, 48(9): 1936-1944.

PARK SY, BORBAT PP, GONZALEZ-BONET G,
BHATNAGAR J, POLLARD AM, FREED IJH,
BILWES AM, CRANE BR. Reconstruction of the
chemotaxis receptor-kinase assembly[J]. Nature
Structural & Molecular Biology, 2006, 13(5): 400-407.
KIM KK, YOKOTA H, KIM SH. Four-helical-bundle

[37]

[38]

[39]

[40]

[41]

[42]

structure of the cytoplasmic domain of a serine

chemotaxis receptor[J]. Nature, 1999, 400(6746):
787-792.
UPADHYAY AA, FLEETWOOD AD, ADEBALI O,

FINN RD, ZHULIN IB. Cache domains that are
homologous to, but different from PAS domains
comprise the largest superfamily of extracellular
sensors in prokaryotes[J].

Biology, 2016, 12(4): e1004862.
COLLINS KD, LACAL J, OTTEMANN KM. Internal
sense of direction:

PLoS Computational

sensing and signaling from
cytoplasmic chemoreceptors[J]. Microbiology and
Molecular Biology Reviews: MMBR, 2014, 78(4):
672-684.

LIU XL, LIU W, SUN Y, XIA CL, ELMERICH C, XIE
ZH. A cheZ-like gene in Azorhizobium caulinodans is a
key gene in the control of chemotaxis and colonization
of the host plant[J]. Applied and Environmental
Microbiology, 2018, 84(3): e01827-¢01817.

MEIER VM, MUSCHLER P, SCHARF BE. Functional
analysis of nine putative chemoreceptor proteins in
Sinorhizobium meliloti[J].
2007, 189(5): 1816-1826.
YOST CK, ROCHEPEAU P, HYNES MF. Rhizobium
leguminosarum contains a group of genes that appear

Journal of Bacteriology,

to code for methyl-accepting chemotaxis proteins[J].
Microbiology: Reading, England, 1998, 144(Pt 7):
1945-1956.

GREER-PHILLIPS SE, STEPHENS BB,
ALEXANDRE G. An energy taxis transducer promotes
root colonization by Azospirillum brasilense[J].
Journal of Bacteriology, 2004, 186(19): 6595-6604.
L. 22 E R W (Azorhizobium  caulinodans
ORS571) A Ptk Z KR LI REBF X [D]. MG vh
Pl Bk e A 5 965 2 A E 58 BT 1 L2783, 2016,
JIANG N. the
chemoreceptors  in caulinodans
ORS571[D]. Yantai: Doctoral Dissertation of Yantai
Institute of Coastal Zone Research, Chinese Academy
of Sciences, 2016 (in Chinese).

Characterization  of soluble

Azorhizobium

http://journals.im.ac.cn/actamicrocn



